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Introduction

Nonlinear regression models that estimate tree crown
taper and geometric volume have a number of uses, includ-
ing development of competition measures. Moeur (1981),
for example, discusses the application of crown width
models developed in the Intermountain Region of the USDA
Forest Service for predicting wildlife habitat and for predict-
ing watershed response to land-use changes. Using prelimi-
nary results from our research, Morrison et al. (1987) found
geometric crown volume in the lower canopy to be an impor-
tant predictor of bird abundance in the Sierra Nevada.
Mawson et al. (1976) describe using 15geometric shapes to
characterize crown volume for trees and large shrubs that
can be used for bird habitat studies. Volumes were deter-
mined by knowing critical measurements of the shape, such
as the height and radius of a cone. Their method depends
upon careful field identification of the profile shape because
of its influence on the estimate of volume. Hamilton (1969)
conducted a growth study on Sitka spruce (Picea sitchensis
(Bong.) Carr.). He measured the crown radius of 60 stand-
ing trees and calculated conical crown volume and surface
area, crown projection area, and crown depth from these
measurements. He found that crown projection area and
crown surface area were important predictors in volume

crement.
Growth and yield studies (cf., e.g., Daniels and Burkhart

1975;Ek and Monserud 1974;Krumland and Wensel1981;
and Wensel et al. 1987)have employed a paradigm of growth
that has two major components: (i) potential growth and
(ii) reduction due to competition. Potential growth is usually
defined as growth obtained for open-grown trees. The com-
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petition component reflects the reduction in growth when
trees compete for scarce resources.

Crown diameter has been the basis of several competi-
tion indices involving area of crown overlap of the subject
tree with adjacent trees. Gerrard (1969), Bella (1969), and
Arney (1973) are among the earlier developers of competi-
tion indices based upon crown width. Krumland (1982) and
Wensel et al. (1987) found that a competition index based
upon predicted crown cross sectional area for the stand
evaluated at two-thirds of the subject trees' height provided
a logical and effective measure of competition.

Mitchell (1975) used the ratio of predicted foliage volume
to maximum foliage volume as a measure of competition,
viewing the crown as five concentric layers of live foliage
as determined by branch terminal growth. Other than Mit-
chell's (1975) work, crown volume has rarely been con-
sidered for a competition measure, possibly from lack of
data.

We define crown volume as the simple geometric space
occupied by the crown. For this study a detailed empirical
investigation was undertaken to determine actual crown
volumes and to fit prediction models to these data. This is
in contrast with prior work such as Mawson et al. (1976),
in which crown volumes were roughly approximated and
which had limited empirical data from which to character-
ize crown relationships. We develop models to describe the
crown volume and the width of the crown at varying heights
and other ancillary measures, such as crown surface area,
and discuss their application for six conifer species in north-
ern California.
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Geometric models are presented for the prediction of crown volume and width at any height in the crown of six 
conifer species in the Sierra Nevada. Crown volume is defined as the geometric space occupied by the crown and is 
allometrically related to the diameter, height, and crown ratio of individual trees. Crown diameter is derived from 
crown volume, tree height, and crown ratio. The crown volumes and associated measures can be used to compute indices 
of individual tree competition such as those used in the CACTOS(California Conifer Timber Output Simulator) system 
or to compute other measures such as wildlife habitat suitability or insect damage potential. Estimation equations are 
developed by regression using data collected on crowns of 593 felled trees. The equations use dbh, total height, and 
crown ratio to estimate total crown volume, crown volume above a specified height, and cumulative crown cross sec
tional area at a specified height. 
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Cet article propose des modeles geometriques pour predire la largeur et Ie volume de la cime a n'importe queUehauteur 
chez six especes de conifere de la Sierra Nevada. Le volume de cime est defini comme l'espace geometrique occupe 
par la cime et est relie de faeon allometrique au diametre, a la hauteur et au rapport hauteur de cime - hauteur totale 
de chaque arbre. Le diametre de cime est obtenu a partir du volume de cime, de la hauteur et du rapport hauteur 
de cime - hauteur totale. Les volumes de cime et les mesures qui y sont reliees peuvent etre utilises pour calculer des 
indices de competition pour chaque arbre comme ceux qui sont utilises dans Ie systeme CACTOS(<<CaliforniaConifer 
Timber Output Simulator»), ou pour calculer d'autres variables comme la qualite de l'habitat pour la faune ou les 
dommages potentiels par les insectes. Les equations de prediction ont ete developpees a partir de donnees sur la cime 
de 593 arbres abattus. Les equations utilisent Ie dhp, la hauteur total et Ie rapport hauteur de cime - hauteur totale 
pour estimer Ie volume total de cime, Ie volume de cime au-dessus d'une hauteur donnee et la surface cumulative d'une 
section transversale	 de la cime a une hauteur donnee. 

[Traduit par la revue] 


